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(57) ABSTRACT

An 1maging method for imaging a region of investigation of
an object comprises the steps of generating an energy 1nput
beam with an energy beam source, irradiating the region of
ivestigation with energy input beam components of the
energy mput beam along a plurality of projection directions,
the energy input beam components being formed with a frame
mask being arranged between the energy mput beam and the
object and 1ncluding frame mask windows, measuring first
integrated attenuation values of the energy input beam com-
ponents with an outer detector device arranged outside the
frame mask, measuring second integrated attenuation values
of the energy input beam components with a frame mask
detector device being arranged on an inner surface of the
frame mask, and reconstructing an 1image of the region of
ivestigation based on the first and second integrated attenu-
ation values. Furthermore, an imaging device for imaging a
region of mvestigation ol an object 1s described.
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IMAGING METHOD AND DEVICE WITH
DUAL READING SCANNER
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CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s the U.S. National Stage of International Application
No. PCT/EP2006/010281, filed Oct. 25, 2006, which was
published 1n English under PCT Article 21(2), which 1n turn
claims the benefit of European Application No. 05023312.1,
filed Oct. 235, 2005. Both applications are incorporated herein
by reference.

TECHNICAL FIELD

The present invention relates to a method for imaging a
region of mvestigation of an object on the basis of Radon data
comprising a plurality of projection functions measured cor-
responding to a plurality of predetermined projection direc-
tions relative to the object. In particular, the present invention
relates to a computer tomography (CT) imaging method.
Furthermore, the present invention relates to a device for
imaging a region of investigation, e.g. a CT device, 1n par-
ticular on the basis of the above 1maging method.

TECHNICAL BACKGROUND

The non-destructive mvestigation of samples 1s an 1mpor-
tant objective 1 various technical fields like material sci-
ences, non-destructive testing, medical examinations, archae-
ology, construction techmique, techniques concerning
security matters etc. One approach for obtaining an image of
a sample e.g. by computer tomography 1s based on an 1irra-
diation through a sample plane from different projection
directions with X-rays, followed by the reconstruction of the
sample plane on the basis of attenuation data measured at
different directions. The entirety of the measured attenuation
data can be described 1n terms of so-called Radon data 1n a
Radon space.

Different reconstruction methods for Radon data are
known today. For an introduction to the mathematical and
physical principles of conventional image reconstruction, ref-
erence 1s made to the textbooks “Computed Tomography—
Fundamentals, System Technology, Image Quality, Applica-
tions” by W. A. Kalender (1%’. edition, ISBN 3-89578-081-2);
“Image Reconstruction from Projections: The Fundamentals
of Computerized Tomography” by G. 'T. Herman, Academic
Press, 1980; and “Einflihrung in die Computertomographie™
by Thorsten M. Buzug (Springer-Verlag, Berlin 2004). The
conventional reconstruction methods can be summarized as
iterative reconstruction methods and filtered back-projection
methods.

The 1terative reconstruction 1s an approximation method
based on a plurality of iteration steps. The essential disadvan-
tage of the iterative reconstruction of higher resolution
images 1s that the 1teration leads to extremely long calculation
times. The filtered back-projection method relies 1n principle
on the Fourier-slice theorem describing a relationship
between the Fourier transform of the Radon data and Fourier
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transformed 1image data. A general disadvantage of using the
Fourier-slice theorem lies 1n the fact that an interpolation step

in the reconstruction results 1n errors and artifacts which have
a tendency to increase with increasing space irequency. This
disadvantage can only be avoided by using detectors with
high resolution. However, the application of these detectors 1s
limited 1n terms of dose burden, costs and data processing
time.

An 1mproved method of reconstructing 1mage functions
from Radon data 1s described in EP 04031043.5 (unpublished
on the filing date of the present patent specification). With this
method of using orthogonal polynomial expansions on the
disk (in the following: OPED algorithm), an 1image function
representing the region of mvestigation 1s determined from
Radon data as a sum of polynomials multiplied with values of
projection functions measured corresponding to a plurality of
predetermined projection directions through the region of
ivestigation. The OPED algorithm has essential advantages
in particular 1n terms of computational time reduction, noise
reduction and improved 1maging resolution.

Conventional computer tomography devices used for col-
lecting Radon data comprise an X-ray source for irradiating
the object, a detector device for measuring attenuated 1rradia-
tion passing through the object and a holding device for
holding the object. The holding device 1s arranged 1n a gantry,
which comprises a carrier for a rotatable irradiation unit with
the X-ray source and the detector device. With the so-called
4th generation of computer tomography devices, the rotatable
source-detector-unit 1s replaced by a combination of a rotat-
able X-ray source 10" with a fixed detector ring 20' as 1llus-
trated 1n FIG. 13 (see the above text book “Einfiuhrung in die
Computertomographie” by Thorsten M. Buzug, page 31).
The detector ring 20' includes about 5.000 detector elements
arranged on a circle around the object. In order to avoid an
irradiation through detectors near the X-ray source, the con-
ventional technique includes a dynamic inclination of the
detector ring 20'. The dynamic inclination represents a disad-
vantage as 1t requires a complex structure and inclination
control of the detector ring.

The conventional computer tomography devices have a
further disadvantage 1n that not all irradiation applied to the
object 1s collected and transferred to useful reconstruction
data. Therefore, the object, e.g. a patient 1s subjected to an
unnecessary high irradiation dose.

The above disadvantages are associated not only with the
conventional CT imaging, but also with all available recon-
struction methods related to Radon data.

OBJECTIVE OF THE INVENTION

The objective of the invention 1s to provide an improved
imaging method for imaging a region of 1nvestigation of an
object by reconstructing an 1mage function from collected
Radon data, leading to an increased range of applications 1n
non-destructive investigations and avoiding the disadvan-
tages of the conventional 1imaging techniques. In particular,
the objective of the mvention 1s to provide an 1maging
method, wherein all 1rradiation applied to the object 1s col-
lected and used to provide Radon data for reconstructing the
image function, so that the irradiation dose during imaging
can be reduced. Furthermore, the imaging method should be
capable of reconstructing image functions with increased
resolution without the drawback of high computational time.
Another objective of the invention is to provide an improved
imaging device for imaging a region ol investigation by
reconstructing collected Radon data. According to a particu-
lar aspect, the objective of the invention 1s to provide the
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imaging device which allows a reduction of an amount of
energy iput (e.g. radiation dose) and scattering effects within
the region of mvestigation.

SUMMARY OF THE INVENTION

Relating to the imaging method, the present invention 1s
based on the general technique of collecting Radon data by
measuring two groups of integrated attenuation values of
energy mput beam components, which are formed with a
frame mask surrounding a region of investigation. The {first
group of integrated attenuation values are measured with an
outer detector device being arranged outside the frame mask,
while the second group of integrated attenuation values are

measured with a frame mask detector device being arranged
on an 1nner surface of the frame mask.

An energy mput beam 1s generated with an energy beam
source device arranged on an outer side of the frame mask.
The energy mput beam components are shaped with frame
mask windows of the frame mask. Each energy input beam
component 1s measured with one of the outer detector device
or Iframe mask detector device. The group of first integrated
attenuation values 1s measured with energy mput beam com-
ponents, which pass through pairs of frame mask windows
arranged on opposite sides of the region of investigation. The
group of second integrated attenuation values 1s measured
with energy input beam components, which pass through
frame mask windows and hit the frame mask detector on the
inner surface of the frame mask.

Accordingly, the Radon data collection of the invention 1s
improved such that every energy beam, e.g. X-ray beam that
enters aregion of investigation in the object 1s captured by the
detectors and counted for. On the other hand, all measured
attenuation values can be used for reconstructing an image
function, so that every energy beam photon 1s used in the
reconstruction and the energy beam dose, e.g. X-ray dose can
be reduced without a reduction of the signal to noise ratio.

In particular, the imaging method of the mvention com-
prises the steps of positioning the object within the frame
mask, generating the energy input beam with the energy beam
source being arranged outside the frame mask, irradiating the
region of mvestigation with the energy input beam compo-
nents along a plurality of projection directions, measuring the
first and second groups of integrated attenuation values of the
energy iput beam components, and reconstructing the image
of the region of mvestigation based on the first and second
integrated attenuation values. The irradiating step comprises
a setting of the projection directions, which are defined by the
frame mask.

Contrary to the conventional tomography devices of the 4th
generation, any movement of the frame mask like e.g. the
conventional dynamic inclination can be omitted as the
region of 1mvestigation 1s irradiated through the frame mask
windows. The frame mask windows fulfill three functions.
Firstly, the energy beam 1s transmitted through the mask to the
region of investigation and the outer detector device. Further-
more, the energy beam components are shaped by the mask.
Finally, sets of parallel energy beam components are formed
by the mask as outlined below.

The term “region of mvestigation” (ROI) used herein gen-
crally refers to an object to be imaged or a part thereof.
Generally, the ROI can be described as a 2-dimensional
entity. For reconstructing a 3-dimensional image of the
object, a plurality of ROI’s 1s imaged.

The term “projection direction” used herein generally
refers to the linear course of an energy input beam through the
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ROI i 3-dimensional space. The projection direction can be
defined by angles relative to a coordinate system used.

The Radon data measured at the ROI comprise a set of
projection functions, which have been determined corre-
sponding to a plurality of predetermined projection directions
running through the ROI. Each projection function comprises
data, which are collected with a certain number, which might
in theory be mfimite large, of “projections™ parallel to the
current projection direction. These projections are character-
1zed by mtegrating over one-dimensional lines. By measuring
a sullicient number of these integrated “projections”, an
image function of the object can be reconstructed from the
Radon data.

The values of the projection functions generally are deter-
mined by the modification (1n particular attenuation, e.g. by
absorption or scattering) of an energy mput beam travelling
through the ROI along the respective projection direction.

According to a preferred embodiment of the invention, the
image function of the ROI is reconstructed as a superposition
of a first sum of polynomials multiplied with values of first
projection functions obtained from the first group of inte-
grated attenuation values and a second sum of polynomials
multiplied with values of second projection functions
obtained from the second group of integrated attenuation
values. Preferably, a linear superposition is provided. Firstly,
the reconstruction algorithm described in EP 04031043.5
(OPED algorithm) 1s applied to the groups of attenuation
values measured with the frame mask and outer detectors,
respectively. Subsequently, the images obtained with the dii-
ferent groups of attenuation values are superimposed.
Accordingly, the advantages of the OPED algorithm, which
are described 1n EP 04031043.5, can be completely obtained
with the imaging method of the invention.

Preferably, the projection functions subjected to the OPED
algorithm are obtained from the first and second groups of
integrated attenuation values measured with detectors sens-
ing the corresponding first and second groups of parallel
energy input beam components. Due to the scanning geom-
etry provided by the frame mask, the groups of parallel energy
input beam components are created automatically. The fixed
geometry of the frame mask ensures that each detected beam
component belongs to a plurality of parallel energy 1nput
beam components.

A Turther important advantage of the invention 1s given by
the fact that the application of the imaging method 1s not
necessarily restricted to the implementation of the above
OPED algorithm but even possible with other algorithms for
reconstructing the image. According to a further embodiment
of the invention, the image reconstructing step comprises the
implementation of a filtered back-projection algorithm (FBP
algorithm). This embodiment of the invention has particular
advantages 1n terms of availability of FBP software tools and
compatibility with conventional data processing techniques,
but it 1s not so suitable as using the OPED algorithm.

The imaging method of the invention comprises in particu-
lar the step of rradiating the ROI with the energy input beam
components shaped by the frame mask along a plurality of
different projection directions distributed over an angle range
of at least 180°. The frame mask and the object generally are
fixed relative to each other at least in a plane including the
projections directions. The projection directions can be set by
various techniques.

According to a preferred embodiment of the invention, the
projection directions are set by moving the energy beam
source and the frame mask relative to each other. Preferably,
the energy beam source device comprises one single energy
beam source only, which 1s movable around the frame mask.
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Alternatively, the moving energy beam source can comprise
more then one single energy beam source, e.g. two, three or
more energy beam sources. With this embodiment, the pro-
jection directions are set by moving the energy beam source
(s) relative to the fixed frame mask with the object and by
collecting the data according to particular angle positions
relative to the ROI. This embodiment with a single movable
energy beam source has the advantage of avoiding any short-
age of space for arranging the outer detector device 1n an
opposite position relative to the energy beam source. Prefer-
ably, the energy beam source(s) 1s(are) continuously moved.

According to a further preferred embodiment of the inven-
tion, the outer detector device comprises one single outer
detector array being movable around the frame mask for
measuring the first integrated attenuation values with varying
projection directions. If the moving energy beam source com-
prises more then one single energy beam source, the outer
detector device correspondingly comprises a plurality of
single outer detector arrays. The outer detector array(s)
1s(are) movable synchronously with the energy beam source
device, so that the projection directions can be set automati-
cally by moving the combination of energy beam source
device and outer detector device to a particular angle position
relative to the ROI.

According to a particularly preferred embodiment of the
invention, the energy beam source and the outer detector
array are simultaneously rotated around the frame mask for
setting the projection directions. Preferably, both components
are arranged on a common carrier surrounding the frame
mask and the ROI. The particular advantage of this embodi-
ment 1s griven by the fact that the synchronous rotation of the
energy beam source device and the outer detector device
around the ROI can be provided with a conventional imaging
device, like e.g. a computer tomography device.

According to a further alternative, the energy beam source
and the outer detector device are fixed, while the projection
directions are set by moving, e.g. rotating the frame mask and
the object between the source and detector devices. This
embodiment has particular advantages for micro CT applica-
tions, e.g. with small objects.

According to a yet another alternative, all components are
fixed. In this case, the energy beam source device comprises
a plurality of single sources distributed around a circumier-
ence ol the frame mask adjacent to corresponding outer
detector arrays. The projection directions are set by activation
of the single sources with subsequently varying irradiation
angles relative to the object.

The 1imaging method of the mvention can be applied with
different types of energy mput beams used for providing the
Radon data. The term “energy input beam” used herein refers
to all types of a physical quantity, which travels along a
straight line (or an essentially straight line) through the ROI
while the energy carried 1s changed due to an interaction with
the ROI. In particular, the term “energy mput beam”™ covers
clectromagnetic radiation or particle radiation. Preferably,
the energy input beam comprises X-rays. If an X-ray source
device 1s used as the energy beam source device, conventional
computer tomography devices upgraded with the frame mask
can be used for implementing the imaging method of the
invention.

Relating to the device, the present mvention 1s generally
based on providing an 1imaging device having an energy beam
source device arranged on a carrier surrounding an object
under investigation and a detector device for measuring radia-
tion from the energy beam source transmitted through the
object. The imaging device 1s provided with a frame mask
surrounding the object 1n at least one plane according to the
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orientation of ROI and including frame mask windows that
shapes energy beam components. Furthermore, the frame
mask windows define a plurality of available projection direc-
tions for wrradiating the ROI. The detector device comprises
an outer detector device and a frame mask detector device.
The outer detector device 1s arranged outside the frame mask,
while the frame mask detector device comprises frame mask
detectors arranged between the frame mask windows on an
inner surface of the frame mask. With the frame mask, a new
detection geometry 1s provided, that uses equally spaced pro-
jection angles relative to the ROI and that transforms energy
beams from the energy beam source device having e.g. a fan
beam geometry to parallel energy beam components auto-
matically.

Preferably, the frame mask has a shape of a ring or flat
cylinder with an axial extension covering the ROI. Alterna-
tively, the frame mask has a shape of a tube or long cylinder
with an axial extension covering the whole object. Particu-
larly preferred 1s a ring or tube shaped frame mask with a
circular cross-section. With the circular cross section, advan-
tages for an eflective implementation of the image recon-
struction algorithms are obtained.

Advantageously, the frame mask and the holding device
have a fixed position relative to the carrier. In this case, at least
one ol the source and detector devices can be moved, e.g.
rotated around the frame mask for data collection. Alterna-
tively, all components can be fixed 1n space, 11 the source and
detector devices comprise a plurality of single sources and
detector arrays distributed around the holding device.

According to a preferred embodiment of the invention, the
energy beam source device comprises a single energy beam
source being movable arranged on the carrier. Advanta-
geously, one single energy beam source 1s suificient for set-
ting varying projection directions. Further advantages are
obtained 1f both the single energy beam source and a single
outer detector array form a common unit arranged on the
carrier, which 1s included 1n a CT gantry as 1t 1s known from
conventional CT devices.

According to a further preferred embodiment of the mnven-
tion, the frame mask windows have equal sizes, so that a
uniform 1rradiation of the ROI and equal dimensions of the
energy beam components projected on a plane outer detector
are obtained. Preferably, the outer surface of the frame mask
1s provided with a shielding, which has advantages for a
protection of frame mask detectors against 1rradiation.

According to an advantageous embodiment of the mven-
tion, the 1imaging device 1s provided with a reconstruction
circuit being adapted for an 1image reconstruction based on
attenuation values detected with the detector device.

Preferred applications of the inventions are in the technical
fields like material sciences, non-destructive 1imaging, non-
destructive testing, medical examinations, archaeology, con-
struction techmque, and techniques concerning security mat-
ters.

BRIEF DESCRIPTION OF THE DRAWINGS

Further details and advantages of the invention are
described 1n the following with reference to the attached
drawings, which show 1n:

FIG. 1 a schematic representation ol an embodiment of an
imaging device according to the invention;

FIG. 2 a further illustration of the geometry of an 1imaging
device according to the invention;

FIG. 3 a flow chart illustrating an embodiment of the imag-
ing method according to the invention;
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FIGS. 4 to 12 diagrams 1llustrating the principles of Radon
data collection according to the invention; and

FI1G. 13 a schematic 1llustration of a conventional imaging,
device (prior art).

EMBODIMENTS OF THE INVENTION

The invention 1s described 1n the following with reference
to the preferred application 1n computer tomography. It 1s
emphasized that the mvention can be implemented 1n an
analogous way with the application of other types of energy
input beams (like e.g. neutrons or light, ¢.g. 1 the VIS or IR
range). Furthermore, the following description of the pre-
terred embodiments mainly refers to the scanning geometry,
data collection and data processing. The scanning geometry 1s
described with reference to a fixed frame mask and a rotating
source-detector unit. The imvention can be implemented with
a fixed source-detector unit and a rotating frame mask and
object in an analogue way. Details of the CT devices used for
implementing the mvention are not described as long as they
are known from conventional CT devices.

1. Imaging Device of the Invention

FIG. 1 schematically illustrates an embodiment of the
imaging device 100 according to the ivention, which com-
prises the energy beam source device 10 arranged on a carrier
50, the detector device 20 which comprises an outer detector
device 21 arranged on the carrier 50 and a frame mask detec-
tor device 24 arranged on an 1nner surface of the frame mask
40, a holding device 30 for accommodating an object 1 and a
reconstruction circuit 60.

The components 10, 30 and 50 are structured, as it 1s known
from CT devices, e.g. current medical CT-systems. In par-
ticular, the energy beam source device 10 comprises a mov-
able X-ray source 11 combined with the outer detector device
21 as a source-detector-unit 51. The source-detector-unit 51 1s
arranged on the carrier 50, which 1s e.g. a guide rail as 1t 1s
known from a conventional CT gantry. The carrier 50 1s
illustrated as a circle allowing the rotation of the energy beam
source device 10 and the outer detector device 21 around an
object 1. According to a modification, the source carrier can
have an elliptic shape or another shape. This can represent an
advantage 1n terms of an adaptation to the geometry of the
object to be mvestigated. The holding device 30 1s e.g. a
carrier table as 1t 1s known from CT systems or any other
carrier or substrate holder for arranging and adjusting the
object 1 relative to the energy beam source device 10 and the
detector device 20. Further components like a control device,
a display device etc. (not shown) are provided for as they are
known per se from prior art devices.

The outer detector device 21 comprises a detector array 22,
which 1s movably arranged on the carrier 50 opposite to the
energy beam source device 10. With this structure, the pro-
jection direction through the ROI (parallel to the plane of
drawing) can be set by rotating the source-detector-unit 51
with components 10, 21 around the holding device 30. The
detector array 22 1s a linear or 2-dimensional array of sensor
clements being arranged on a curved, e.g. cylindrical or
spherical (see FIG. 2) or a planar (see FIG. 5) reference
surface.

The frame mask 40 (schematically shown) comprises a
ring-shaped component with an outer side, where the energy
beam source device 10 and the outer detector array 22 are
arranged. The frame mask 40 includes frame mask windows
41 being spaced from each other with a predetermined arc
length. The frame detector device 24 comprises a plurality of
single frame detectors 25, which are positioned on an inner
surface 42 of the frame mask 40 between the frame mask
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windows 41. Each frame detector 25 comprises a single sen-
sor. An X-ray shielding matenial 43, like lead or tungsten 1s
used for making the frame mask 40 or at least for covering the
outer surface of the frame mask 50 according to the positions
of the frame mask detectors 25.

The frame mask 40 1s fixed relative to the carrier 50. For
recording 2-dimensional images, the frame mask 40 1s fixed
relative to the holding device 30 as well. A structure (not
shown) holding the frame mask 40 1n position and carrying
clectrical connections of the frame mask detectors 235 1s pro-
vided. The frame mask 40 has a ring or cylindrical shape with
a cross-section (usually circular cross-section) aligned with a
reference plane, in which the rays from the X-ray source 11 to
the outer detector device 21 are travelling. The object 1 1s
arranged such that the ROI 1s aligned 1n this reference plane.
The corresponding technique for the case of reconstructing
3-dimensional 1images 1s described below.

The reconstruction circuit 60 includes a computing unit as
it 15 known from conventional CT devices. According to the
invention, the computing unit includes circuits adapted for
implementing the steps of constructing the projection func-
tions and reconstructing the image of ROI (see below).

The frame mask 40 and the source-detector-unit 51 repre-
sent main parts of the imaging device, which determine both
the irradiation and the measurement according to the mven-
tion. These parts are further characterized with reference to
FIG. 2.

The frame mask 40 with the frame mask detectors 235 1s
arranged at the boundary of a disk, that contains the ROI 2. In
the context of the algorithms described below, this disk 1s
considered as the unit disk. Both the frame mask 40 and the
disk are fixed. The frame mask detectors 25 represent chan-
nels of the frame mask detector device 24. Each of the frame
mask detectors 25 comprises a single sensor with a 1-dimen-
sional or 2-dimensional design. There are 2m+1 frame (m
natural number) mask detectors 23 distributed along the inner
surface of the frame mask 40. Each frame mask detector 25
has the same radial width equal to the arc length /(2m+1) on
the unit circle. The centres of the frame mask detectors 25 are
located at 2)w/(2m+1) (with 0=)=2m). The frame mask win-
dows 41 separate the channels formed by the frame mask
detectors 25. The frame mask windows 41 have the same
widths as the detectors 25 (2n/(4m+2)). In medical applica-
tions, the following examples can be provided: diameter of
the unit disk: 60 cm, radial width of each detector (each
window): 1 mm, number of detectors/windows: 1000. Axial
width of the frame mask: 0.5 to S0 mm for the case of recon-
structing 2-dimensional images. With other applications, e.g.
in micro CT applications, other sizes can be used.

The second main part of the imaging device is the source-
detector-unit 51 with the X-ray source 11 and the outer detec-
tor device 21 (see FIG. 1). The source-detector-unit 51 1s
movable on the carrier around the centre of the unit disk (or
another fixed point). The distance between the X-ray source
11 and the outer detector device 21 1s more than the diameter
of the unit disk, so that both the (near) X-ray source 11 and the
(wide) outer detector device 21 of the source-detector-unit 51
are outside the frame mask 40. The outer detector device 21
comprises a detector array, which 1s partitioned 1nto several
detector channels, whose widths depend only on the distance
ol the detector device 21 and the radius of the unit disk. With
a curved detector array, the widths of the detector channels
depend on the curvature.

In FIG. 2, the outer detector device 21 1s shown as an arc,
but 1t could also be a flat panel fitted with detectors as shown
in FI1G. 5. Generally, the X-ray source 11 1s positioned and
moved as close to the ROI as possible (FIGS. 1, 2). However,
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this feature 1s not strictly necessary. The X-ray source 11
could be arranged with a larger distance (e.g. 1n medical
applications 1n the range of 15 cm to 100 cm).

The X-rays emitted from the X-ray source 11 are transmit-
ted through the frame mask windows 41 1n the near end of the
frame mask 40, which serves as a beam shaping device.
Accordingly, a fan of several X-ray beam components are
tormed with thickness specified below.

The X-ray beam components transmitted through the
frame mask windows 41 will hit the far side of the unit disk.
Some of the beam components will hit the frame mask detec-
tors 25 on the 1inner surface of the frame mask 40, while other
beam components will pass the frame mask windows 41 1n
the far end of the frame mask 40 and hit the detector array 22
of the outer detector device 21 (wide end of the source-
detector-unit 31). A first group of attenuation values mea-
sured with the outer detector device 21 are called dynamic
data, while a second group of attenuation values measured
with the fixed frame mask detectors 23 are called stationary
data.

2. Imaging Method of the Invention

In FIG. 3, the steps for carrying out the imaging method of
the ivention are summarized. Firstly, the object to be inves-
tigated, like e.g. the head or another part of a patient’s body 1s
prepared (step S1). Preparing the object comprises a position-
ing of the object on the holding device 30 1n a CT gantry such
that the region of investigation 1s aligned with the source-
detector-unit 51 and the frame mask 40 (see FIG. 1). Subse-
quently, the object 1s subjected to the irradiation (step S2).
The X-ray source 11 1s operated for generating a fan or cone
X-ray beam directed towards the object and the detector
device 20. The X-ray beam 1s transmitted through the frame
mask 40 such that X-ray beam components are formed by the
frame mask windows 41. Measuring integrated attenuation
values (step S3) comprises sensing X-rays received with the
outer detector device 21 and with the frame mask detectors
25. The steps S2 and S3 are continuously conducted for
measuring at a plurality of projection directions of 1irradiating,
the X-rays through the object 1. The projection directions are
set with a complete rotation of the source-detector-unit 31 on
the carrier 50. Step S3 automatically includes a discretization
of data. Due to the detection geometry of the invention, dis-
crete attenuation value data are recorded. The attenuation
values measured with the outer detector device 21 and the
frame mask detectors 25 form the first and second groups of
integrated attenuation values, which are subjected to the steps
ol constructing the projection functions (step S4) and data
processing for reconstructing an 1image of the ROI (step S35).

During at least one of steps S1 to S3, the object can be
turther manipulated, e.g. by adding a contrast agent or by an
intervention. This embodiment of the invention has particular
advantages for collection of dynamic images or imaging
changing objects 1n particular 1n medical applications of the
imaging method.

The step of constructing the projection functions (step S4)
1s described with further details below. Each projection func-
tion comprises a plurality of parallel projections, which are
obtained by an assignment of the beam components measured
with the detector device 20. With the assignment, the fan
beam geometry becomes a parallel geometry as required for
reconstructing an 1mage from the Radon data.

In FIG. 4, the assignment of the fan of X-ray beam com-
ponents to groups ol parallel X-ray beam components 1s
schematically illustrated. The solid bullets on the circumifer-
ence ol the outside circle 1n FIG. 4 denote the centre positions
of the frame mask windows through which beam components
from the X-ray source 11 are transmitted, while the small
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circles denote the frame mask detectors 235. Only those lines
having an intersection with the ROI 2 (the mnner disk) are
depicted. The X-ray beam components that emit from the
X-ray source 11 to the frame mask detectors 25 automatically
become parallel lines. As an example, the dashed lines L1
represent a first set of parallel beams. On the other hand, the
X-ray beam components that emit from the X-ray source 11 to
the outer detectors 23 become parallel lines as well. The
directions of these projections are those of lines from sources
11 through frame mask windows between the frame mask
detectors 25. As an example, the dotted lines L2 represent a
second set of parallel beams.

For a set of parallel lines obtained from assignment as
described 1n FIG. 4, the parallel dashed lines are located on
the Chebyshev points cos(21+1)m/(Zm+1),1=0, 1, . . . 2m, on
the axis that 1s perpendicular to the parallel direction and has
a centre at the origin of the unit disk. EP 04031043.5 1s
introduced into the present specification 1n particular with
regard to the description of further details of the Chebyshev
points.

3. Collection of Dynamic Data

The collection of the dynamic data i1s described with ret-
erence to FIGS. 5 to 8. FIG. 5 illustrates the object 1 on the
holding device 30 surrounded by the frame mask 40. The
X-ray source 11 1s arranged on the carnier 50. The outer
detector device 21 with a straight line-shaped detector array
22 1s arranged on the carrier 50 opposite to the X-ray source
11. The detector array 22 comprises a plurality of sensor
elements 23. Fach sensor element 23, which consists of a
single sensor or a sub-array of connected single sensors, 1s
arranged for detecting one energy beam component passed
through a respective pair of frame mask windows. Accord-
ingly, each sensor element 23 represents one detection chan-
nel of the outer detector device 21. As the projections through
pairs of frame mask windows have a decreasing width with
increasing fan angle, the sizes of sensor elements 23 are
decreasing from the centre to both ends of the detector array
22.

The frame mask 40 includes N frame mask windows 41. In
the present description, the number N of frame mask win-
dows 41 1s assumed to be odd. The implementation of the
invention 1s not restricted to this embodiment. The case with
even N can be considered 1n an analogous way.

The fan beam 3 emitted from the X-ray source 11 1s con-
verted 1nto a plurality of X-ray beam components 4. Depend-
ing on the relative position of the X-ray source 11 and the
frame mask windows 41, the complete X-ray beam compo-
nents or parts thereof (4.1, 4.2) hit the frame mask detectors
(e.g. 25) on the mner surface of the frame mask 40 or the
sensor elements (e.g. 23) of the outer detector array 22 respec-
tively. Reordering or assigning the energy beam components
transmitted to the outer detector device 21 leads to the
dynamical data, which are represented as parallel X-ray beam
components 5 in FIG. 6.

In FIG. 6, the stationary frame mask 40 (radius r) 1s
depicted together with the parallel set of X-ray beam compo-
nents 5. Each of the black stripes corresponds to a detector
channel of the outer detector device. The geometry of these
stripes 1s defined by “window-to-window” pairs and may be
described by two parameters t and ¢. The parameter t 1s the
signed distance between the centre of the stationary frame
mask 40 and the line connecting the centres of the corre-
sponding frame mask windows 41 (e.g. line L3 1n FIG. 6). The
parameter ¢ 1s the angle between the 1nitial direction ¢, and
the direction, which 1s perpendicular to L3 (direction e in FIG.

6).
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The stripes are represented with the following dual repre-
sentation:

27 (1)

0 .
g =0+ 2. j=0,.. \N-L
1 +2i
o0 = | NI)H,IP=FCGSQ?,E=O,... (N =3)/2:
(1+2)m (2)

1 _ _
o =6+ i=0,... .N—1,

1 2ri 1 |
6 = W,z} =rcost;,i=1,... ,(N-1)/2,

Wherein o 1s the angle, which determines ¢, in a fixed
coordinate system.

One of the representations (1) and (2) 1s redundant. The
tollowing relations of equivalence are valid:

(0,°87) APy i v-1y2, JOZEWN-1)/2,0=i=

(N=3)/2 (3)

(@) ey oli-avety2, WOEEWN-3)/2,1=i=

(N-1)/2 (4)

The number of pairs describing the stripes given by (2)
(reference numeral 5 1n FIG. 6) 1s exactly two times bigger
than the number of all stripes (X-ray beam components) as
cach stripe 1s passed twice during one cycle of rotation of the
X-ray source around the fixed frame mask 40.

The outer detector device 21 receives only those photons
whose path lie entirely 1n one of the described stripes.
Accordingly, between the sensor elements 23 of the outer
detector device 21 and the stripes there exists the following
correspondence. Counting the sensor elements counter clock-
wise with zero offset, the k-th sensor element 1s related to the
stripe (¢,”, t,7), 770, . .. , N—1 where b=k mod 2 and 1=(k+b)/2
Conversely, the photons with paths lying in the stripes (¢,”,
tzb),, 1=0, ..., N-1, are recerved in the sensor element 2 1-b. As
the result of this correspondence, there 1s a one-to-one map
between the sensor elements of the outer detector device and
the parameters t”. Therefore, each sensor element can be
simply 1dentified and read on the basis of the corresponding
parameter t,”. From the above relations of equivalence (3) and
(4) it follows that the sensor elements t,” and tvo1y2-pn 0=15
(N-3)/2 (or: t,' and tn_,y5_,0=1=(N-3)/2) collect the infor-
mation on the same stripes. This phenomenon can be
explained by a dual character of positions of the X-ray source
relative to the corresponding X-ray beam component. The
corresponding sensor elements are called “equivalent”. Two
sets ol parallel X-ray beam components detected with equiva-
lent sensor elements are depicted in FIG. 6.

During the rotation of the source-detector-unit 51, a single
sensor element of the outer detector device recerves informa-
tion from a large set of X-ray beam components. The way this
information 1s treated 1s described below with reference to
FIG. 7.

In FIG. 7, three control positions of a single sensor element
23 are depicted. The sensor element 23 recerves photons
between the positions P1 and P2 of the X-ray source 11, while
it 1s screened by the frame mask 40 between the positions P2
and P3. Accordingly, the position P1 can be interpreted as a
“switch-on”, position P2 as “switch-oil”” and position P3 as
“switch-on” again. In the time 1nterval between “switch-on™
and “switch-oil”, information about only one distinct X-ray
energy beam component (stripe) 1s collected. The “switch-
on”-points $,°(j) of a single sensor element t,” are uniformly
distributed on the circular trajectory of the X-ray source with
an angle increment 27t/N and can be described as follows:

10

15

20

25

30

35

40

45

50

55

60

65

: b . (3)
A O

where R 1s a radius of the source trajectory. The set of corre-
sponding “switch-ofl”’-points 1s simply shifted relative to the
“switch-on” set by the angle mt/N.

On the basis of equation (5), the dynamic data can be read
out from the sensor elements and assigned to a predetermined
order of parallel channels which provides the mnput for the
image reconstructing step S35 (FI1G. 2).

A modified description of the dynamic data collection 1s
shown 1n FIG. 8. This description corresponds to a modified
embodiment of the invention. It1s based on the feature that the
source-detector-unit 51 1s fixed but the disk with the frame
mask rotates. In FIG. 8, the solid arcs represent one position
of the frame mask 40, and the two dashed lines 1.4 are drawn
to mark the particular frame mask window 41 through which
X-rays are transmitted to the outer detector device 21. The

outer detector device 21 1s depicted as comprising a plurality
ol sensor elements 23. The dashed and dash-dotted arcs 1ndi-
cate two more positions of the frame mask 40 relative to the
source-detector-unit 51, which are two extreme positions that
define the sizes of the channel on the detector as indicated by
the two solid lines LS. The solid line on the left marks the
position when the X-ray source 11 1s lined up with the two end
points of the frame mask windows 41 and when the frame
mask 40 1s 1n the position marked by the dashed arc, and the
solid line on the right marks the same line-up when the frame
mask 1s 1n the position marked by the dash-dotted arc.

As the frame mask 40 and the source-detector-unit rotate
relative to each other (1n practice: when the source-detector-
unit rotates), the X-rays emitted from the X-ray source 11
through these two particular frame mask windows are col-
lected by the channel of the outer detector device 21. Accord-
ingly, the channels of the detector device are defined. The
accumulation of the photons detected represents the data for
the X-ray beam component from the frame mask window at
the bottom to the frame mask window at the top. These data
are also assigned to parallel rays, whose directions are those
of dotted lines .2 shown 1n FIG. 4.

The resulting dynamic data are represented as

(6)

4. Collection of Stationary Data

InFI1G. 9, the collection of the stationary data by measuring
the second group of integrated attenuation values 1s 1illus-
trated. One channel of the frame mask detectors 25 1s marked
and the X-ray beam component through one of the frame
mask windows 41 1s indicated. The two dashed lines L6
indicate the X-ray beam component that 1s transmitted via the
frame mask window 41 to the frame mask detector 25, while
the solid lines L7 indicate the extreme positions of the X-ray
source 11 as 1t moves around the unit disk. When the source 1s
inside the arc between the solid lines L7, the X-ray beam
component 1t emits will hit the frame mask detector 25. The
accumulation of photons detected represents the integrated
attenuation values for the X-ray beam component from the
frame mask window 41 to the frame mask detector 25.

After the step of assignment, the configuration of a parallel
set of X-ray beam components received by the frame mask
detectors 25 can be represented as shown 1n FI1G. 10. Contrary
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to the representation of FIG. 6, the stationary data are repre-
sented on the basis of “window-to-detector”-pairs. Grey (6)
and black (7) stripes represent two sets of parallel X-ray beam
components. Each of the stripes can be uniquely described by
a pair (¢, t,), where

_§+2:fr_ =0 N -1 )
'[PJ_ N‘h‘;_ 5 =rE 0w "
(1+2Dm
[; = rcosf;, 6, = i=0,... . N-=1
2N

FEach sensor element of the frame mask detector 25 can be
simply 1dentitied with ¢,, j=0, . . ., N-1 via the relation

(8)

. l n
szgak_iﬁ

where 0j are the angle coordinates of the sensor element
centres.

FIG. 11 1llustrates that the activity of a single sensor ¢le-
ment of the frame mask detector 25 occurs 1n an “switch-on’-
“switch-ofl” regime, as in the case of the collection of
dynamic data. With a counterclockwise rotation of a source-
detector-unit 51, activity of frame mask detector 25 1is
switched on 1n position P1 of the X-ray source 11, while 1t 1s
switched-olf 1n position P2 and switched-on in position P3
again.

During the rotation around the stationary frame mask 40,
the X-ray source emission hits a particular frame mask detec-
tor 25 1n an alternative off-on order as shown in FIG. 12. Each
distinct hit corresponds to a certain X-ray beam channel con-
verging to the frame mask detector 25 from the frame mask
window 41 traversed by the X-ray source 11. With a counter-
clockwise rotation of the X-ray source 11, the set €2, of stripes
that converge to the detector element 235 (¢, ) can be described
as follows.

my; = (k+ jmodN, j=0,... ,(N-1)/2, (9)

my i =k +(N+1)/2+ jmodN, j=0,... ,(N-3)/2,
and

j, for j even,
;=
7| N=1-j, for j odd.

Then

0 = {(@mﬁ_, rﬂg)}j —0, N -1

The coordinates ([’,) of the “switch-on”-positions for the
detector element (¢, ) are:

- +,5*(f —arcsinﬁ) (10)

i
Pi=¢,i>~35 *5\3 R

my

where s=1 1f j 1s even and -1 otherwise. The coordinates of

“switch-ofl” positions for the frame mask detectors are [/ .+
7t/N.

The appropriate recording of the output signals of sensor
clements 1s based on the above on-off switching regime of the
sensor elements activity together with the information of the
corresponding control points defined 1n equations (5) and
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(10). The recording step can be implemented with different
ways. Firstly, each distinct sensor element can be associated
with an N-dimensional matrix. Each hit impulse for a given
sensor element 1s recorded 1nto a corresponding cell of its
matrix. The recording into the matrix 1s complete after one
cycle of rotation of the source-detector-unit 51 around the
stationary frame mask.

The hit pulse has a fimite length, 1.e. defined on the finite
interval or the impulse support. The values of the signal 1n the
points of the impulse support are related to the numbers of
photons instantly detected by the sensor elements. The inte-
gral over the impulse support provides the whole number of
photons detected by the sensor element while the traversing
over the single X-ray beam channel.

For a 2-dimensional image described by a function f(x, y)
defined on the unit disk B*={(x,y):x*+y*=1}, a Radon pro-
jection 1s a line integral as follows:

(11)

where 1(0,1)={(X,y):x cos 6+y sin 6=t} B~ is a line segment
inside B*. A thick ray means an average (integral of the Radon
projections). In the present specification, the same notation 1s
used for Radon data, whether the X-ray beam component 1s
thick or not. Accordingly, the Radon data are indicated with:

Ro(F30):=re.oT (x.y)dxdy, 0=20=2m, -1=1=1,

R,(0) := Ry, (f; cost), (12)

VT

_ 0<v<dm
Amen’ S UET

&y

The attenuation values collected in the plurality of frame
mask detectors can be assigned to parallel rays for the OPED
algorithm following the geometry 1llustrated 1n FI1G. 4. There
are 2m+1 views and M=2m+1 X-ray beam components per
view that intersect the ROI, whose Radon data are registered
by the frame mask detectors 25. The set of data 1s represented
by:

2ji+1

_ . (13)
R, '"{R2“(4m+2]'0‘

v£2m,0£j£2m}

wherein the data, whose X-ray beam components are outside

the ROI should be taken as zero.
5. Application of the OPED Algorithm

As the source-detector-unit 31 moves along the disk, the
Radon data comprising stationary and dynamic data are col-
lected. Together, the stationary data and the dynamic data are
used to reconstruct the image of ROI (step S5 1n FIG. 2). The
algorithm used for reconstruction preferably i1s based on the
OPED algorithm in two different types of geometries as
described below. The description of the 1mage construction
algorithm described 1n EP 04031043.5 1s mtroduced 1nto the
present specification by reference. In the following, the modi-
fication of the OPED algorithm for reconstructing an image
on the basis of the stationary and dynamic data 1s described.

Every square integrable function on the unit disk B can be
represented as a sum

N (14)
fx y) = Z proji f (x, y),

k=0

where proj, I 1s the projection of § on the subspace of orthogo-
nal polynomials of degree n. The equality means that
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im S, f(x, y) = f(x, y), (15)

H—Co

where

H

Snf (%, )= ) proj(x, )

k=0

in L.*(B) norm. The function S_f is the n-th partial sum of the
orthogonal expansion and 1t 1s the best polynomial approxi-

mation of f in L. norm.

The modified algorithm 1s based on the following formula
for S, f(x,y):

Su(f5x, ¥) = Z ;f Re (f5 00,55 x, y)di
v=0 -1
where
n r(xf;::::ns. 7 +~~1 (17)
| 2m+ 1
Dt x, )= ¥ k+DU@U| T
k=0 M ol

For deriving the modified OPED algorithm from equation
(16), two different quadrature formulas are used for the inte-
gralsin S, (n=2m).

(18)

(19)

1 1 jn
— 1 -2 dr =~ in’ .
ﬂIg(w vat 2m+1248m 2m+1g(mzm+1)

With the imaging method of the mvention, two groups of
data are collected. Additionally to the dynamical data R,
according to equation (6), the stationary data

R2F+1((2j+ 1)?{]

2m+ 1

are considered, whose directions are lines from the small
circles to small circles in FIG. 4. To this end, an interpolation
between the measured values of subsequent frame mask
detectors 1s used.

For the stationary data R, 1n equation (13), equation (18) 1s
used. This leads to the sum

2m 2m . (2':')
(1) BRehw (27 + D7\,
Ame(xa y)_i?:d ESRZF( 4m+2 )TJ,F(-X:' y)-,-
where
1 2+ D _ (21)
. ) = ggin S costinrs 1. ),

For the dynamical data R, 1n equation (6), equation (19) 1s
used. This leads to the sum
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2) o JT N 2) (22)
A f (5, ) = Z; JZI Rovi| g )
where
. ' (23)
T(Z) — jﬂ- (I)F - .
J:'lf‘('xﬂ' y) (2m+1)51n2m+1 (§2_;= A, y)

The final reconstruction step 1s given by the average of the
above two terms:

(24)

Asnf (X, ¥) = =[ASaf (X, ¥) + AShf (%, ¥)].

1
2

The mathematical description below refers to a disk sur-
rounded by a circle. It 1s emphasized that an analogue con-
sideration can be done for a region surrounded by an ellipse.
With the equation of the ellipse (x*/a*)+(y>/b*)=1, a change of
variables x=au and y=bv leads back to the case of the disk
u”+v-=1. Further modified shapes are possible if correspond-
ing changes of variables can be introduced. The building of
corresponding frame masks 1s possible, but not as suitable as
a circle or an ellipsoid mask cross-section i view of the
algorithm.

For further details of mathematical tools used herein, ret-
erence 1s made to the publications of R. Marr: “On the recon-
struction of a function on a circular domain from a sampling
of its line integrals” in “J. Math. Anal. Appl.”*' vol. 45, 1974,
p. 357-3774; F. Natterer: “The mathematics of computerized
tomography” Reprint of the 1986 oniginal “Classics in
Applied Mathematics 32 SIAM, Philadelphia, Pa., 2001; F.
Natterer and F. Wuebbeling by “Mathematical Methods in
Image Reconstruction” SIAM, Philadelphia, Pa., 2001; C.
Dunkl and Yuan Xu: “Orthogonal polynomials of several
variables”, Cambridge University Press, 2001; Yuan Xu
“Funk-Hecke formula for orthogonal polynomials on spheres
and on balls” in “Bull. London Math. Soc.” vol. 32, 2000, p.

44°7-457; and Yuan Xu “Representation of reproducing ker-
nels and the Lebesgue constants on the ball” 1n “J. Approxi-

mation Theory” vol. 112, 2001, p. 295-310.
6. Application of Other Algorithms

According to another embodiment of the invention, step S5
(FI1G. 3) may comprise an application of the FBP algorithm.
The FBP algorithm can be applied on the collected first and
second groups of data separately with a subsequent superpo-
sition of the resulting partial image. Alternatively, the FBP
algorithm can be applied on all collected data simultaneously.
7. Recording of 3-Dimensional Images

With the detection geometry of the mvention, helical pro-
jection data can be processed for obtaining 3-dimensional
images ol the object. Accordingly, at least one of the object
and the source-detector unit 1s translated in a predetermined
direction, e.g. perpendicular to the projection directions dur-
ing the step S2 of irradiating the object for obtaining the
helical projection data. Pretferably, the object under investi-
gation, €.g. a patient, 1s shifted through the CT gantry, lying
on a patient table, which 1s moving continuously.

For collecting the helical projection data, the planar ring-
shaped frame mask can be used, which 1s described above. In
this case, the frame mask 1s movable relative to the objecte.g.
perpendicular to the plane including the projections direc-
tions. Alternatively, the frame mask has a tube-shape extend-
ing over the whole length of the object to be imaged. The
tube-shaped frame mask has frame mask windows extending
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as spiral or straight windows along the longitudinal direction
of the tube. Furthermore, the tube-shaped frame mask can be
used 1n combination with a fixed tube-shaped outer detector
and/or a fixed multi-focus source device.
By this method a so-called helical or spiral CT data set can
be gathered, including both first and second groups of attenu-
ation values. In particular, the helical CT data set can be
reconstructed 1n an analogue way as described above for
obtaining a stack of 2-dimensional 1mages which are com-
bined to a 3-dimensional image of the object.
The mvention claimed 1s:
1. Animaging method for imaging a region of investigation
ol an object, comprising the steps of:
generating an energy input beam with an energy beam
SOurce;

irradiating the region of investigation with energy input
beam components of the energy input beam along a
plurality of projection directions, the energy input beam
components being formed with a frame mask being
arranged between the energy input beam and the object
and including frame mask window;

measuring {irst integrated attenuation values of the energy

input beam components with an outer detector device
arranged outside the frame mask;

measuring second integrated attenuation values of the

energy input beam components with a frame mask
detector device being arranged on an mner surface of the
frame mask; and

reconstructing an image of the region of investigation

based on the first and second integrated attenuation val-
ues.

2. The method of claim 1, wherein the step of reconstruct-
ing the image comprises determining an 1image function as a
superposition of a first sum of polynomials multiplied with
values of {first projection functions obtained from the first
integrated attenuation values and a second sum of polynomi-
als multiplied with values of second projection functions
obtained from the second integrated attenuation values.

3. The method of claim 2, wherein the first and second
projection functions are obtained from the first and second
integrated attenuation values measured for first and second
groups of parallel energy mput beam components, respec-
tively.

4. The method of claim 1, wherein the step of reconstruct-
ing the image comprises the step of determining an 1mage
function by a filtered back projection algorithm.

5. The method of claim 1, wherein the irradiating step
comprises setting the projection directions by moving the
energy beam source and the frame mask relative to each other.

6. The method of claim 1, wherein the wrradiating step
comprises measuring the second integrated attenuation val-
ues according to the projection directions while moving the
outer detector device and the frame mask relative to each
other.

7. The method of claim 5, wherein the frame mask and the
object have a fixed position and at least one of the energy
beam source and the outer detector device are moved around
the frame mask.

8. The method of claim 7, wherein the energy beam source
and the outer detector device are simultaneously moved
around the frame mask.

9. The method of claim 8, wherein the energy beam source
and the outer detector device are rotated on a carrier around
the frame mask.

10. The method of claim 35, wherein the energy beam
source and the outer detector device have a fixed position and

10

15

20

25

30

35

40

45

50

55

60

65

18

the frame mask and the object are moved relative to the energy
beam source and the outer detector device.

11. The method of claim 10, wherein the frame mask and
the object are rotated relative to the energy beam source and
the outer detector device.

12. The method of claim 1, wherein the energy beam
source, the outer detector device, the frame mask and the
object are fixed relative to each other and the 1rradiating step
comprises the step of setting the projection directions by
operating a multi-focus source.

13. The method of claim 1, wherein the energy beam
SOUrce comprises an X-ray source.

14. The method of claim 1, comprising the step of recon-
structing a 3-dimensional 1image of the object by imaging a
plurality of regions of investigation.

15. Animaging device for imaging a region of investigation
of an object, comprising:

an energy beam source device being adapted for irradiating

the object;

a detector device being adapted for measuring radiation

from the energy beam source device transmitted through

the object;

a holding device for holding the object; and

a frame mask surrounding the holding device and compris-
ing frame mask windows, wherein

the energy beam source device 1s arranged on an outer side

of the frame mask, and

the detector device comprises an outer detector device

arranged on the outer side of the frame mask and a frame
mask detector device arranged on an inner surface of the
frame mask.

16. The imaging device of claim 135, wherein the frame
mask comprises a ring mask.

17. The imaging device of claim 135, wherein the frame
mask 1s fixed relative to the holding device.

18. The imaging device of claim 15, wherein at least one of
the energy beam source device and the outer detector device
1s movably arranged on a carrier.

19. The imaging device of claim 18, wherein the energy
beam source device and the outer detector device are adapted
to be rotated on the carrier around the frame mask.

20. The imaging device of claim 19, wherein the energy
beam source device and the outer detector device are arranged
in a computer tomography gantry.

21. The imaging device of claim 15, wherein the frame
mask and the holding device are movable relative to the
energy beam source device and the outer detector device,
which have a fixed position.

22. The imaging device of claim 15, wherein the frame
mask windows have an equal size.

23. The imaging device of claim 15, wherein the frame
mask detector device comprises a plurality of frame mask
detectors, which are separated from each other by the frame
mask windows.

24. The imaging device of claim 15, wherein the frame
mask detector device 1s protected against irradiation by a
shielding on an outer surface of the frame mask.

25. The imaging device of claim 15, wherein the energy
beam source device comprises an X-ray source.

26. The imaging device of claim 15, further comprising a
reconstruction device adapted for reconstructing an 1image of
the region of 1nvestigation based on first and second inte-
grated attenuation values measured with the detector device.
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